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ABSTRACT

TRACING THE SECOND DIVIDEND IN ENVIRONMENTAL POLICES:
A CGE APPLICATION TO TURKEY

Vural, Bengisu

M.A., Department of Economics
Supervisor: Asst. Prof. Selin Sayek Boke

February 2009

As the threat of global warming is becoming mor&lent, the governments
are called for a joint action to reduce the greeisBogas emissions and prevent
climate change, by the Intergovernmental Panel imafe Change and its legally
binding successor, the Kyoto Protocol. The ineviitgbof environmental policy
implementation in such a context has focused tleente energy-environment-
economy literature on the examination of coststedlavith those policy measures
and the possibility of a double dividend, i.e. emmic improvements along with
environmental benefits. This study, by making uta ¢en sector CGE model for
Turkey, searches for the second dividend in thegmee of environmental taxation
by payroll tax reductions. The results indicatet th#s possible to achieve emission
reductions with no additional burden on the econdintlge environmental taxes are

accompanied by a reduction in payroll taxes.

Keywords: Double Dividend, Environmental Policy, EGlodeling



OZET

CEVRE POLUTIKALARININ IKINCi GETIRISI:
TURKIYE ICIN BIR HGD UYGULAMASI

Vural, Bengisu

Yuksek Lisanas, Ekonomi Bolimu
Tez Yoneticisi: Dog. Dr. Selin Sayek Boke

Subat 2009

Kiresel 1sinmanin son yillarda daha da belirgine hgélmesiyle birlikte,
Hukumetlerarasiklim Degisikli gi Paneli ve onun kanunen @ayici takipgisi olan
Kyoto Protokolu, huktumetleri, sera gazi salimlariazaltilmasi ve iklim desikli gi
konusunda onlem alinmasi amaciyla ortak hareketeysmdavet etmgtir. Bu
cercevede, cevre politikalarinin uygulamaya konmaskaciniimaz hale gelmesiyle
birlikte, son donemdeki enerji-cevre-ekonomi moekelbu politikalarin maliyetleri
ve muhtemel ikinci getirileri, yani ¢evresel iylaeyle birlikte ekonomik iyilgme
olasilgl Uzerine ygunlasmistir. Bu calgma, Turkiye icin on sektorli bir HGD
modeli kullanarak, ¢evre vergisi uygulanmasi durodaugelir vergisi indirimleriyle
ikinci getirinin elde edilip edilemeyegmi incelemektedir. Sonucglar, cevre
vergilerinin gelir vergilerinde indirimlerle birlie uygulanmasi durumunda,
ekonomiye ek bir yuk getirmeden salim azaltimininimkin oldgunu

gOstermektedir.

Anahtar Kelimeler: Cifte Getiri, Cevre PolitikasiGD Modellemesi
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CHAPTER 1

INTRODUCTION

The rising concern of the climate change due taemsing levels of
Greenhouse Gas (GHG) emissions with direct linkajmd industrialization by the
enhancement of the production technologies has aagowing concern for the last
three decades. It has taken the center stage idetign of policies, addressing the
problem of environmental preservation and sustdéndbvelopment, since the late
1980s. Although, the recognition of the possibid Ibetween carbon dioxide (GO
accumulation in the atmosphere and the climate gihdny the academia dates back
as far as 1896 (Arrhenius, 1896), it took an inseem the frequency of occurrence
of extreme weather conditions in the last 20-25rgetor people to conceive the

severity of the problem.

The figures in the assessment reports of the lotempmental Panel on
Climate Change (IPCC) confirmed the acceleratedradizgion in environmental
indicators. In the IPCC"4 Assessment Report (2007a) the annual average hyrowt
rate of CQ concentration was reported to be larger for thedasade (1995-2005) of

the period for which continuous direct atmosphergasurements are available, than



the average of the whole period (1960-2005)he rising global surface temperature
also indicates an accelerated climate change ientegears. Eleven of the last
twelve years (1995-2006) are ranked among the avelarmest years during the
period for which the global surface temperaturerds are kept, that is since 1850
(IPCC, 2007b). Global warming is so evident thatoider to keep up with the pace,
the 100-year (1901 to 2000) warming trend of 0.6ji@en in the IPCC 8
Assessment Report, is updated to 0.74°C of 10096 to 2005) warming trend
in the 4" Assessment Report. Linked to higher average saitimperatures, global
sea level is also rising faster for the period 12083, when compared to the average
raise of the period 1961-2003. Even though it isy@b clear if these figures reflect a
long term trend or a decadal variabfityt is very likely’ that it is not due to known
natural causes alone (IPCC, 2007b). There arerattéctors in force and if these
external factors are not brought under controlir teiéects will be drastic on health,

industry, settlement and sociéty

In 1979, £ World Climate Conference called for attention offgrnments on
the issue of climate change, underlining the liekneen long-term dependencies on
fossil fuels as an energy source and,@umulation in the atmosphere. Although
there were numerous studies conducted on the causkgffects of accumulated

emissions, decreasing the level of anthropogengtied from human activities)

! For the period 1995-2005, the average annuald@@centration scores 1.9 parts per million (ppm)
per year, whereas the figure for the period 196062@the period for which the continuous
atmospheric measurement is available) is 1.4 ppmygsr on average (IPCC, 2007b).

2 For more on the uncertainties about the indicatord the effects of climate change, Wilcoxen
(2002)

® In the UNFCCC documents the term “very likely’used to indicate the assessed likelihood of an
outcome which is greater than 90%.

“ A study on the extensive effects of global warmimgresented in the 2nd working group report of
the 4th Assessment Report (IPCC, 2007c).



GHG emissions was not among the policy objectiiemany of the governments
until the signing of the United Nations Frameworkin@ention on Climate Change
(UNFCCC) in 1994. The only legally binding successbthe Convention, Kyoto
Protocol, became effective in 2005 covering 160ntaes which have agreed on
taking policy measures to decrease emissions dtin@geriod 2008-2012. Now,
the commitment period of the Protocol is here vaithapproaching deadline, yet the
results are not promisingThus, the institutional design for the post-2@E2iod is

the new agenda in the climate change débate

The pressure on governments to take stringent mesas the international
level has brought forth the investigation of costkated with such measures and
ways to mitigate them. The literature has opposiews in this context. In the early
literature the focus is mainly on the presencexctss benefit attached to taxation of
externality-creating activities (Tullock, 1967; k&, 1984; Lee and Misiolek, 1986).
In the early-90s the term “double-dividend” wasadluced to the literature (Pearce,
1991) capturing the second dividend (the excesseflignby recycling the
environmental tax revenues through reduction instexg taxes (Oates, 1991,
Porterba, 1993). Decomposing the effects of enwiramtal taxation into two groups,
namely tax interaction and revenue recycling effeatline of papers (by Goulder,
Parry, Bovenberg and other co-authors) have suggélsat the distortion caused by

the environmental taxes are large, preventingehbzation of the double dividend.

°A note released by the UNFCCC Secretariat on thiem& GHG inventories of the Parties for the
period 1990-2006 reveals that although a decrebder®o is achieved by the Annex | Parties for the
whole period, between 2000-2006 GHG emissions hazased by 2.3% for the same group. For
Annex | Parties with economies in transition thigife is a 7.4 % increase.
® For a detailed discussion on the deficiencieshin piresent Kyoto system and for an offer of an
alternative mechanism see McKibbin and Wilcoxer0@0

3



Although there are numerous economic models inyatstig the presence of
double dividend, the studies are scarce for th&i$lircase. This study aims at filling
this gap and examines not only the effects of emvirental taxes but also the effects
of reductions in already existing labor taxes, dw teconomy. Through the
deployment of a CGE model which is based on th& 2ia, | try to investigate the
conditions for the possibility of sustainable eowiment in a sustainable economy.
The environmental tax is imposed on two levels {lo® use of energy sources in
production and on the final consumption of thesergy sources) in different
experiments and then the effects of different level labor tax reductions are
compared with the results of the case of sole enuiental tax. At the final stage,
energy sources are taxed on both levels (use iduptimn and final consumption)

and again effects of labor tax reductions are ctamed.

Taxing the use of energy sources at the produstiage seems to be a more
effective alternative in terms of emission reduasiorather than taxing the final use
of these sources. Even though this policy yieldsredble results for the objective of
reduced emissions, imposing energy taxes is asedoweth adverse effects on the
overall economy (GDP losses and rising unemploymatess). It is possible to ease
these adverse effects through reductions in theopayx rates. Each percentage
point reduction in the payroll tax raises the lesEkeconomic activity, yet manages
to decrease the emissions compared to the baseptia economy. The economy
pursues a similar path to the case of sole enenglevy, when a mixed tax scheme
Is utilized (taxing the energy use at both productand final consumption stages).

Again, the adverse effects of the tax mix can bmiehted through payroll tax



deduction at the expense of a slight increasearethission figures compared to the

case of no deduction.

Thus to restate, this thesis elaborates on thdagestructure of the
employed CGE model and reports on the results aetiiander different tax
schemes. The plan of the thesis is as follows: @n&pgives a brief review of the
literature on double dividend theory and testintpibugh CGE models, as well as
the literature on the Turkish economy. In ChaptéreBCGE model used in this
study is detailed and the data input of the masl&id out in Chapter 4. The base-
run (“business-as -usual”) path of the economytaedliscussion of the experiment
results in relation to the base-run are preseméthapter 5. Finally, Chapter 6

concludes.



CHAPTER 2

LITERATURE REVIEW

The use of taxes to correct the problem of exté@reaas first introduced by
Pigou in 1920. He offered to use a tax rate whecbqual to the marginal social cost
of the externality (rather than taking only thevpte costs into account) so that the
agents would internalize the costs of their actiosngosed on the society as well.
Later on, this tax scheme was named a Pigouviasdgme in his honor. Although
seemed appealing, in the sense that it offers t@nnative use of the taxes (apart
from raising government revenue), there was muchenmw the subject that needed

further attention.

In the case of global warming, following the recigm of Pigouvian taxes
(where the optimal tax rate equals marginal envirental damage) as a means to
reduce emissions, the focus of the studies hawveeduto the costs and benefits of
employing such taxes, and alternative uses ofdegrnues to reduce the costs related
with the introduction of environmental taxes intoetsystem, if there are any.

Consequently, the “Double Dividend Theory” emerged.



Here, we first look at the evolution of the doullwidend theory and its
application through CGE models. Then, we directaitention to the studies done so
far on the Turkish economy regarding the environialepolicies together with the

pursuit for a double dividend.

2.1. The Evolution of the Double Dividend Theory

While the dominance of the view which underlinee #xcess burden that
distortionary taxes impose, was slowly overthrowrthe supporters of the idea that
a system of taxes on certain types of activitielsi¢tv create externalities) moves the
economy towards a more optimal point; Tullock (1P&3as the first to recognize the
implication of excess benefits attached to envirental taxes. Comparing the legal
restrictions on polluting activities to creatinglsincentive mechanism by taxation,
he argues that the latter not only yields envirom@leresults but also the tax

revenues create an excess benefit.

Supporting Tullock’s idea, Terkla (1984) and Leel &isiolek (1986) were
among the first to estimate the revenues from amr@mmental taxation substituting
the general taxation which creates excess burdenklal (1984), basing his study on
the estimated marginal welfare costs of existinggs$a(labor and corporate taxes) in
the literature, calculated the efficiency valuesase of labor tax and corporate tax
deductions. Assuming that each dollar of environialetax revenues will substitute

a dollar of the existing labor taxes, his calcwasi shows that the efficiency value of
7



the environmental tax revenues range from 630 anilio 3.05 billion US dollars.
These figures rise to 1 to 4.87 billion US dolldrthe revenues are substituted for
corporate income taxes. Lee and Misiolek (198&) #hking the non-environmental
benefits generated by the environmental taxes caasideration, investigate the
importance of these benefits for the design of Htient pollution tax. They
conclude that, the efficient pollution tax may bgher or lower than the Pigouvian

level (which is conceived as the optimal), as aseguence of tax substitution.

Pearce (1991) was the first to pronounce the tetouble dividend” to refer
to the process of governments using the pollutonrévenues to finance reductions
in incentive-distorting taxes. Pearce recognizeatwdthers have overlooked until
then: pollution taxes themselves may have effigietwsts that need to be opposed
gains from reduced externalities. In line with tisrk, Oates (1991) and Porterba
(1993) have emphasized the recycling pollution rewenues through reducing the

existing taxes to avoid some of the excess burdsocsated with these taxes.

The criticism of the double-dividend theory arrivéddring mid 90s. Goulder
(1995) distinguishes between different fofro§ double dividend and introduces the
revenue recycling and the tax interaction effectsthte double-dividend studies.
Goulder, Parry and Burtraw (1996), building theguament on this work, investigate
the choice between revenue-raising instrumentsnanerevenue-raising instruments

for environmental protection in a second-best sgttWeighing the tax-interaction

" According to Goulder (1995), double dividend magcur in three forms: a weak form, an
intermediate form and a strong form. In the weakmfothere is cost saving from recycling the
pollution tax revenues through reductions in thetatting taxes, instead of transferring the tax
revenues in a lump-sum manner. In the intermediata, it is possible that the excess burden
attached to some existing tax is so great thayanue-neutral substitution of pollution tax foisttax
is costless or even associated with a negative & finally, the strong form states that the
substitution of pollution tax for a typical distmmary tax involves zero or negative gross cost.

8



and revenue recycling effects of the pollution saxXbey say that the interactions of
these taxes with the pre-existing taxes influenoe tost of regulation. Their
conclusion is that, in order for the environmentakes to generate efficiency
improvement$ they have to exploit the revenue recycling effeet, environmental

tax revenue should be recycled within the econdmyugh marginal tax cuts rather
than lump-sum returns. Following this work, thetalisonary effects of pollution

taxes were brought to attention by Bovenberg, Gaukhd Parry and other co-
authors (Bovenberg and de Mooij, 1994; Bovenbedj\aan der Ploeg, 1994; Parry,
1995; Parry and Oates, 1998; Parry, Williams andil, 1999). Making the

connection between rising production costs dueditugion taxes, higher prices of
consumption goods, falling real wages and decrgdsioor supply, they argue that
the environmental taxes compound the distortionsea by the pre-existing taxes in
labor markets (tax interaction effect). They pant that, usually this negative tax
interaction effect on labor supply is large enotgloutweigh any positive effects

that revenue recycling through cuts in labor taghthhave on labor supply.

Building on these grounds there are various studddressing the double
dividend issue through various models (partial Eoguum, computable general
equilibrium, macroeconomic, input-output, etc.). sBoet (2000) surveys 139
simulations from 56 of these studies and provitiesbig picture in double dividend.
The studies under his examination reveal thatlitkeature of the literally so-called
second dividend makes a distinction in terms offavel (used in the theoretical

studies) and employment (used in numerical mode#sgh is a more concrete and

8 Efficiency improvement is measured as a positeebenefit from the introduction of environmental
taxes. Net benefit is basically calculated as fifferénce between the gross social benefit from the
reduction in pollution and the cost of pollutioraédment.
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measurable concept. The results under welfare amglogment measures do not
necessarily coincide thus, “an employment doubkiddnd might be achieved
without a welfare dividend.” Bosquet (2000: 24)tdighe driving factors of the
results of the models as: the labor market settipgge of the model, mode of
recycling and time horizon of the simulations. Herntifies that models with more
flexible labor markets which recycle the polluti@x revenues through reductions in
labor costs and runs for a short to medium timeodefup to 10 periods) tend to
yield more positive results (supporting the exiseemf double-dividend) than the
others, macroeconomic models returning more pe@sitresults than general

equilibrium models, in general.

A more recent study on the UK’s climate change ltarpugh a CGE model
under different labor market settings is preseigdillan et al. (2007), which also
surveys the studies employing CGE models in th@esad double-dividend. They
also draw attention to different findings of thesedels. Some papers find support
for a double-dividend whereas others find no ewgeror a mixed response
depending on the characteristics of the model eognagain, the setting of the labor
market playing the leading role. Also, how the pttin taxes are devised (whether
they are levied on energy use or on sectoral eomssobn which energy source or on
which pollutants) differs a lot between the modetsking it hard to compare the

results of different studies.

° Bosquet (2000) also looks at the application ofiremmental levies in different countries and
overviews the results from ex-post evaluation ssidi
10



2.2. The Search for Double-Dividend in Turkey

Turkey’s growing energy demand as a developing tguputs the energy
related pollution emissions in the focus of numbestudies (Plinke et al., 1990;
Demirbg, 2003; Tademirglu, 2003; Kaygusuz and Kaygusuz, 2004). But the
literature on the economic linkage of these enemyironment models in the
Turkish context is limited. One attempt to analyze economic impacts of taxing
emissions through a general equilibrium model i®spnted in Arikan and
Kumbarglu (2001). They base their research on Turkey’s, Bi@ SQ emissions
for the period 1995-2025, where the Némnissions remain under the EU limits but
the SQ emissions reach four-fold of its limits. They cam¢ that, a tax on the 30
emissions is more effective than a tax on the 8@ntent of the fuels in terms of
reducing emissions, through not only decreased uropg8on of the sulphur-rich
solid fuels but also through induced abatementstments. Although laying out the
consequences of the environmental policies in theki$h framework, the model
fails to recognize a sectoral decomposition, thngsinter-sectoral interaction is not

captured.

The missing sectoral detail is introduced to thelehon Kumbarglu (2003)
with the recognition of four sectors (transport,nu@cturing, basic industries and
services). This model discusses the presence dilelalividend through a welfare
approach. Again, focusing on N@nd SQ emissions, arrive at the conclusion that
double dividend is possible even if the environraktdx revenues are not recycled,

if the main emission sources are the imported fuels
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Another energy-environment-economy CGE model devike Turkey is
presented in Telli, Voyvoda and Yeldan (2008). Tigkihe measures set forth by the
Kyoto Protocol to achieve emission reductions as skarting point, the study
examines the .economic effects of emission quaasssion taxes and abatement
investments. They conclude that, even though thesssures accomplish to reduce
emissions, they impose a big burden on the econontgrms of GDP losses and

rising unemployment rates.

In this study, | pick up from the statement:

Results suggest that a proper mix of environmeatedtion should be
accompanied with reductions in labor taxes... Supbley mix seems
to be a superior policy in achieving both £&batement targets and
maintaining employment rates across sectors (€eédi., 2008: 338).

Then, | search for the second dividend of the emwvirental taxing schemes, first
dividend being the decreased emissions. Doubledeiv is measured as the
reduction in the unemployment rates, unlike Kumplar¢2003), where welfare is
taken to be the measure. Following chapter pregéetalgebraic structure of the

model in detail

12



CHAPTER 3

THE MODEL

In order to search for the elements and charatitexief a possible “double
dividend” in the Turkish economy a CGE model isdusehe model employed in this
study is very much in line with the environmentaldrl used in Telli, Voyvoda and

Yeldan (2008).

The model accounts for 10 aggregated sectors oétbaomy; Agriculture
(AG), Coal Mining (CO), Paper Production (PA), P&um and Gas (PG), Refined
Petroleum (RP), Electricity Production (EL), IrondaSteel Production (IS), Cement
Production (CE), Transportation (TR), Other Econd@¥£). The significance of the
sector selection is such that; 4 of these sectersezognized as the energy sectors
(CO, PG, EL and RP), remaining 5 disaggregateee¢AG, IS, CE, TR and PA)
are polluting sectors and OE is the aggregationtleér non-specified sectors. The

mapping of the sectoral aggregation is further doented in Appendix A.

Economic agents recognized in the model are holdeh@onsumers),

enterprises (producers), social security instingi@nd central government. Labor,

13



capital, energy composite (composed of coal, patiral and gas and electricity) and
the intermediate inputs from the remaining secimes specified as the primary

factors of production.

The base-run of the model is characterized by aa@nGDP growth rate of
4.5-5.0 and an average unemployment rate arourid B%. Dynamics of the model

is given by exogenous total factor productivity gragbulation growth.

3.1. Production Function Specification

The production activity in this model economy takédmsce at two stages: at
the first stage of production, the energy compdsiteeach sector is formed through
a constant elasticity of substitution (CES) funetiwhere primary energy inputs (CO,

PG and EL) are us&d

ENG = AE[BCQIDS +BPGID;Z +BELIDZ |/~ 1)

In this function AE denotes the technology parameter, wis&), BPG

and BEL represent the shares of coal, petroleum and ghslaatricity respectively

in the energy composite.

19 A selection of energy-environment-economy moded&ing use of two staged production functions
(using electricity and fossil fuels to produce a&mgy composite at the first stage) is: Felder and
Neiuwkoop, 1996; Welsch, 1996; Kemfert and Wel&Q0; Kumbarglu, 2003; Telli et. al.,2008.
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Each sector solves its own cost minimization pnobla order to determine

the demand for the primary energy inputs. Thussttaip of the problem is:

Min

PEG,ENG, =[(1+ CON_,)PC,IDy; + (1+ COLN 5 )PC5ID o
+ (1+COZtNEL) I:)C:ELIDEL,i] (2)

subject to

ENG = AE [BCQIDZZ +BPGID,Z + BEL IDZ2 |/~ 3)

Then, the first order conditions revealing the sedtdemands for primary

energy inputs are:

Deo; _ BCQPEG )
ENG | AE ™ (1+ CONeg) PCoo

4)
IDpg; _ BPGPEG 1/(1+ o8, )
ENG | AE ™™ (1+COQOiNg6)PCyq (5)
IDe; _ BELPEG R
ENG | AE ™ (1+COtN, )PC, (6)

At the second stage, gross output is produced ghroan Cobb-Douglas
production function using labor, capital, energynposite of the primary energy

sources (as defined above) and the other interiecitiputs:

XS — AXI |:Ki/‘K‘i L;‘L.i [l—l IDj ’imo,j,i JENG{AEI :|
' (7)
i = AG, CO, PG, RP, EL, CE, PA, IS, TR, OE

j=AG, RP, CE, PA, IS, TR, OE
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Here, parametelAX, governs the given state of the production tectmglo
and parameterk ;, 4, ;, Ap; and Ag; determine the shares of capital, labor, each

intermediate input other than the primary energyrees and energy composite,
respectively. The sum of the shares of these faabproduction is equal to unity,

following the constant returns to scale (CRS) aggion:

/]K,i + AL,i + Z]’ AIDj,i + /]E,i =1 ®

At this stage of production for each sector praofigximization problem is
solved and sectoral demands for production facoesdetermined accordingly. So
maximization problem solved by the producer is:

Max
T = (1 — tpmd,l-)PXiXSi — (1 — pyrltax)wL?
— X;(1+ CO,tN;)PGID;; — v K; — PEG,ENG; (9)

subject to

XS = AX{KKM L {|‘| ID, e jENq”Evl

(10)

First order conditions of this profit maximizatigoroblem revealing the
sectoral demands for factors of production are:

K = A Q=tp00, ) PX XS

(11)
L+ pyritax)WLY = A ; @—tpqq;)PX; XS (12)
@+ COZth)PCj ID;; = /1|Dj,i (@ =tp0q; )PX X§ (13)
PEGENG =Ag; (L-tp,4;)PX XS a1
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3.2. Emission Specifications

The model recognizes three different sources of €@issions. One source is
the emissions from energy use of the sectors. Eonis$rom energy usage stems not
only from the use of primary energy sources (CO R but also from the use of
secondary energy source (RP). The emissions acalatdd as a calibrated share of

the intermediate use of the primary and secondaeygy inputs in each sector.
CO,EM{™ = m,; IDj; j=CO, PG (15)

CO,EM S = 5, ID;; j=RP (16)

And the total CQemission due to energy usage is:

: (17)

TOTCQENG = Z[Z(COZEMfiRM +CO,EM )
The second source of G@mission is the industrial processes. The emission

from industrial processes are assumed to depetigedrvel of gross output.

IND _ %
COEM™° = 3 XS 18)

And the total emission in the economy due to inglaigbrocess is:

TOTCQIND = ) CO,EM/"°
i (19)

Third and the last source of @@mission is due to energy consumption of
the households and it is assumed to be proportiongtivate consumption demand

for primary and secondary energy sources. Althooigh would expect the energy
17



use of the households to include coal, petroleuthgas and refined petroleum, the
data suggests that there is zero consumption eblpatn and gas by the private
agents. Thus, in this study only the consumptiorcadl and refined petroleum is

recognized as the sources of {fnissions from household activities.

CQHH, =CD  i=CO,RP (20)

Total emission due to energy usage of householdasially:

TOTCQHH => #,CD
! (21)

So, the total C® emission in the economy is the sum of these three
distinguished sources of emissions:

TOTCQ=TOTCGENG + TOTCQIND + TOTCGQHH (22)

In order to reduce CQOemissions environmental tax is devised as a policy
tool. The environmental tax is imposed on interragdinput use by the sectors and

private consumption demand, addressing directtiiédcsources of C£emissions.

TOTCQTAX= >3 CO,IN,PCID,, + Y CO,C,PCCD,
O i (23)

3.3. Income Generation and Demand

The income of the household is composed of netrlabcome and the
transfers to the households by enterprises, gowamhnsocial security institutions

and rest of the world (as workers’ remittances).
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YHH = YHWnet+ EtrHH + GtrHH + SSItrHH + eROWtrHH (24)

Enterprises transfer their net profit (profit ndt amrporate taxes, transfers

abroad, and domestic and foreign debt payments)useholds.

EtrHH = (1-t.,,,) > rK, - EERPtrROW NFI® + GHrEE +

r°DomDebt - r FeForDebf + eForBORE (25)

There is also transfer from the government to tleskholds which is
calculated as a share of total government transfers

GtrHH = rtGtrHH Gtrans (26)

Social security institutions transfers all theiveaue, from payroll taxes and
social security taxes collected over labor incomd the transfers it receives from

the government (as a share of total governmensfiees), to the households.

revSSI =(pyritax + ssta)w_ L?

(27)
GtrSSI = rtGtrSSI Gtrans (28)
SSItrHH = revSSI + GtrSSI (29)

Out of this household income, private agents pegctincome tax. Thus, the
disposable income of the household is net of inctargaid to the government.

YHnets -t .)YHH

Inc

(30)

Households direct a portion of their income to sgsi and the remaining

income is spent on the consumption of goods amdcesr: In the model the total
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private consumption demand of the households egdigegated into sectors through
a calibrated share.

PRIVCON

CD, =cles
@L+CO,tC,)PC

(31)

In a similar fashion, government consumption idritisted among sectors

through a calibrated share for the public consuompti

GCON = gcr GREV (32)
&b, = gles SCON
PG (33)

The government revenue is the sum of taxes celleoh production, sales,

foreign trade, income, capital profits, @@missions and public sector factor income.

GREV= thmd,i PX XS + ZtSau PCCC + Ztm ePW'M, + thePWE

Inc

+t, YHH +te,. 3K, + 3 NFI © + TOTCO ,TAX (34)

3.4. General Equilibrium

In the commodity markets the equilibrium is sustdithrough the adjustment
of the product prices. In the labor markets, siteenominal wages are fixed in each

period, the employment figures adjust.

W=W=L°-> L’ =UNEMP
! (35)
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The market clearing condition for the composite owdity produced by
sectori is: the production should be equal to the usénefcommodity as public and
private consumption, public and private investmantl intermediate input in the
production of other commodities.

CGC=INT; + CD; + GD; + IDP; + IDG; (36)

Sectoral public and private investment demands ay&n calculated as
(calibrated) shares of total public and privataltotvestment demand.

PINV

IDP, =ipl 37
 =iples o 37)

. GINV
IDG,; =igl 38
 =igles (38)

The full algebraic structure of the model is furthebulated in Appendix A.

3.5. Dynamics

In order to draw the base-path of the economy @opdriods, the static model
is updated through recursive dynamics. Capital ksiscupdated with public and
private investment expenditures. The depreciatba for the capital is taken as 10%
and a gestation lag of 70% (70% of the investmaperditures reflect in the next
period’s capital stock) is assumed in order forfilst run to match the initial data.
Population is updated exogenously which in turreeines the labor supply. Total
factor productivity rates are also updated to govire growth of the economy.
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These updating parameters are selected such #actnomy displays an annual
GDP growth rate around 4.5% - 5.0% and the unempboy rate fluctuates around

10% as it is revealed in the initial data.
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CHAPTER 4

THE DATA

CGE models are highly data-intensive tools, makusg of various data
sources such as the input-output tables, natiawuwats and household labor force
surveys. In this chapter we introduce the Sociatonting Matrix (SAM) and the

environmental data utilized in the model.

4.1. Constructing the SAM

The main data source of the model is the SocialoAsting Matrix (SAM)
which is constructed based on the official 2002utrPutput (IO) table. This 10
table is published by TURKSTAT in March, 2008 andsithe latest available data
characterizing the input and output flows of therkish economy. Until its
publication, the studies were making use of eal®etables, the latest of which dates
back to 1998. Since the economy had gone througljar economic crisis in year
2001, the structure of the economy and the intéustrial relationships are expected

to be altered. Although, the studies make use iehtitic methods, such as RAS, to
23



move the constructed SAM data to more recent paste of the techniques would
give a more accurate data than the actual datd.igkdy this study is based on the
2002 10 table and for any other data requiremerthefmodel is met through the

2002 data.

The 2002 10 originally consists of 59 sectors lmrtthe purpose of this paper
these sectors are aggregated into 10 sectors. @swiption of the SAM data is
given in Appendix B (Table B.2) and a summary @& #9002 SAM (with no sectoral
detail) employed in the model is presented in Tdhl®asically the flows from
columns to the rows denote the payments of thenoaduto the rows. So the column
totals equal to the total expenditure of the columhereas the row totals give the
total receipt of the rows. The detailed SAM cdspabe viewed in Appendix B

(Table B.1).

Table 1: 2002 Macro SAM

Factors Capital Account
Private Public
(2002, billion TL) Activities Commodities Labor Capital Households Enterprises | Social Sec. Inst| ~ Government |  Investment Investment ROW Total Receipt
Activities 503,933,544 79,463,787 583,397,33:
C 329,918,519 187,298,91] 34,826,624 41,343,416 17,221,307 610,608,782
g Lahor 99,748,358 99,748,358
L’% Capital 122,989,992 122,989,992
Households 93,911,422 144,850,910 25,395,730 12,686,902 3,042,297 279,887,26
i 122,989,992 49,615,228 4,685,324 177,290,544
Social Sec. Inst. 10,721,893 5,836,935 8,836,902 25,395,730
Government 20,018,570 22,524,176 24,217,245 27,954,428 94,714,419
] £ | pivate nvesment 41,343,416 443416
8

82 Public Investment 27,027,684 -17,033,473 7,227,096 17,221,307|
Rest of the World 84,151,063 4,485,205 5,782,235 94,418,503

Total Expenditures 583,397,331 610,608,783 99,748,35! 122,989,9%9 272687, 177,290,544 25,395,730 94,714,418 41,343 416 1@z, 94,418 504
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4.2. The Environmental Data

In this study CQemissions are taken as an approximation of thé @itiG
emissions in the economy. The rationale behind #éissumption is that the GO
emissions make up a big portion of the total GHGssimns. There exist six GHGs
that are determined to be the causes of global imgriisted in Annex | of Kyoto
Protocol: carbon dioxide (CG) methane (Chj, nitrogen oxide (BO) and F-Gases
(hydrofluorocarbons (HFCs), perflorocarbons (PFG8)d sulphurhexafluoride
(SFs)). According to the GHG emission figures of TURKSI, CO, emissions
constitute 80% of the total emissions on averagevdmn years 1990 and 2006
(Table 2). Taking C@emissions as an indicator of the total GHG emissienthen,

a valid assumption.

Table 2: Emission values of GHGs for Turkey, for dected years

GHG emissions (million tones CQeq.) shares in total GHG emissions
199(C 199t 200( 2007 199( 199t 200( 200z
CO, 139.54 171.8p 223.81 21643 0.821 0.[r79 0{799 (.800
CH, 29.2] 42.54 49.27 46.87 0.1472 0.193 0.JL76 01173
N,0 1.2§ 6.3] 5.74 541 0.097 0.029 0.021 0020
F Gases 0.0 0.00 1.4 1]90 0.000 0J000 d.004 .007
Total 170.0¢ 220.7 280.( 270.¢ 1.0C 1.0C 1.0C 1.0C

Source: TURKSTAT.

The sectoral distribution of the 216.43 million ésnof CQ emissions in 2002
is given in Table 3As displayed in the table, the major part (91%)tlog CQ
emission is related with energy-fuel combustiorjuding energy used in electricity
production, industry, transportation and othenatigis, and the remaining portion of

the CQ emission is through industrial processes.
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Table 3: Sectoral distribution of 2002 CQ emissions (million tons)

Energy-fuel combustion 197,326
Electricity Production 65,451
Industry 72,017

Transportation 34,418

Other 25,440

Industrial processes 19,107
TOTAL 216,433

Source: TURKSTAT.

Taking above statistics as a starting point, the, €Rissions are divided
among 10 identified sectors of the Turkish econo@yce the model recognizes
three sources of COemissions (energy combustion, industrial processed
household energy use), the emissions are disaggrteta three levels. First of all,
the total CQ emitted from energy-fuel combustion is distributahong the 10
sectors of the model such that:

* Figures for emissions from electricity productiamdaransportation
are taken directly from Table 4. Emissions ideatlfias “Other” is
also taken as the emissions from the energy-fueebfishe rest of the
economy (OE).

* For the remaining sectors, the shares in Telli, Waol and Yeldan
(2008) are used. Those shares were calculatecasssshif the sectors
in the total energy demand (for those having thergyn demand
figures) and the rest is calculated as the shdréisecsectors in the

total value added.
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Table 4: Distribution of energy-fuel combustion rehted CO, emissions to the
sectors of the model (2002, million tons)

AG Agricultural production 4,641
co Coal mining 2,575
PG Petroleum and Gas 1,759
RP Refined Petroleum 31,727
EL Electricity production 65,451
CE Cement Production 6,660
PA Paper Production 6,022
IS Iron and Steel Production 18,634
TR Transportation 34,418
OE Other Economy 25,440

TOTAL| 197,326

Emission from household energy use is assumed tqbally shared by the
use of coal and refined petroleum (10,000 millionets, each). As mentioned before,
the 2002 10 table reveals zero consumption of pmiro and gas by the private
households. Emissions related with household enesgyare included in the “Other
Economy” emission figures. So, while constructihg thodel household emissions

are subtracted from OE emissions.

Finally, the distribution of the emissions due ridustrial processes is done by

weighing the total industrial emissions with theais of each sector in the total

output.
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Table 5: Distribution of industrial process related CO, emissions to the sectors
of the model (2002, million tons)

AG Agricultural production 1,425
co Coal mining 59
PG Petroleum and Gas 23
RP Refined Petroleum 165
EL Electricity production 250
CE Cement Production 317
PA Paper Production 461
IS Iron and Steel Production 573
TR Transportation 2,090
OE Other Economy 13,742

TOTAL] 19,107

Table 6: Input-Output flows of the economy (billionTL, 2002 prices)

Agriculture Coal Petroleum Paper Refined Cement fron and Electricity Transportation | Other Economy
and Gas Products Petroleum Steel Production

Agriculture 7,296,542 24 249 13,945 12,494 1,078 861 5,796 24,005 21,628,643
Coal 12,746 23,451 0 1,621 477 146,904 43,953 508,961 2,475 840,003
Petroleum and Gas 109 0 12,715 59,162 4,337,642 99,330 43,915 2,744,661 0 1,124,445
Paper Products 14,125 2,648 280 1,396,601 3,491 228,285 27,372 6,932 49,218 4,643,004
Refined Petroleum 824,700 54,962 2,829 71,610 599,450 297,753 97,101 68,387 3,197,351 3,979,363]
Cement 40,974 4,445 1,116 16,935 36,049 1,434,515 455,418 3,205 2,743 7,074,453]
Iron and Steel 1,807 41,983 15,996 14,503 51,436 65,773| 6,008,158 91,638 323,732 13,180,740
Electricity
Production 233,149 70,319 27,476 241,902 64,495 312,640 723,203 7,687,350 81,512, 5,612,627
Transportation 763,485 41,785 9,996 258,990 559,363 535,381 763,295 375,095 13,994,613 18,915,515
Other Economy 7,632,200 372,722 119,377 1,762,735 896,466] 3,295,675 2,838,468 1,296,541 13,548,493 163,466,362

Source: Compiled from 2002 IO Table.

Looking at the input-output flows of the sectorgegented in Table 6 we can
arrive at primitive conclusions about the energyssion linkages of the economy.
Electricity production sector constitutes the higthshare for the consumption of
both primary energy sources (CO and PG). Follovalegtricity production sector,
uses of coal by cement and iron and steel secteraraong the highest uses. For the
uses of petroleum and gas, refined petroleum ameesectors follow electricity
production sector. When it comes to the use of redmy energy sources (RP),
transportation and agriculture sectors constitiie highest demands for refined

petroleum.
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CHAPTER 5

BUSINESS-AS-USUAL SCENARIO
AND
INVESTIGATION OF ALTERNATIVE POLICY PATHS

As explained in section 3.5the static model is updated recursively, to
characterize a base-run of the economy for 10 geriBor purposes of added realism
and comparability each “period” has been takenoa® ‘calendar year” in the model
simulations. The dynamics is given to the modethgyevolution of the capital stock
(with new investment expenditures net of depremmtiby the imposed annual labor
supply growth rate (adopted from 2002 householdrdbrce survey, TURKSTAT)
and by the total factor productivity growth raté &ound 1% on average) and wage

rate (updated by inflation).

The base-run scenario should not be read as thaatbazation of the Turkish
economy for 10 years following 2002 (the base yafathe model for which the
model parameters are calibrated). Rather the irg&fon here should be as that of
an economy which displays an annual real GDP groatih of around 4.5% - 5.0%

and an annual unemployment rate of 10% on average.
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CO, taxes (on intermediate use and final consumptiergy sources) are not
included in the base-run scenario; they are inttedunto the economy during the
experiments. The implications of the policy measutaken for the purpose of
reducing CQ emissions and complementary decrease in alreadtingxtax items

(payroll and corporate taxes) are tested agaiedbdise-run values.

5.1. Business-as-Usual Scenario

In Figure 1 the base-path of the real GDP is piteseWith an average annual
growth rate of 4.7% the real GDP figure displaygrawth rate of around 60%
compared to the base year and reaches to 444,88 biL by the end of the
period. CQ emissions also follow a similar pattern (Figure2yring the same time
period CQ emissions grow by 62% compared to the base yed2j2@ith an

annual growth rate of 4.9% on average.
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Figure 1: GDP in the base-run (2002 prices, billiofTL)
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Figure 2: CO,emission in the base-run (million tons)

Table 7 presents the sectoral composition of tha& 80, emissions in the

economy from energy use, industrial processes auddhold energy use. It also
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gives the changes in the sectoral@@issions throughout the base-run. According
to these values, CCemission due to paper production (PA) has grown riost
(94%) in 10 years, compared to base year, amongtlaér sectors. Rest of the
sectors have also shown growth rates well above ,4gétnent, electricity
production, iron and steel and refined petroleurthoang the paper production

sector regarding the growth potential in sectonailssions.

Table 7: Sectoral CQ emissions in the base-run for selected years (nlh tons)

2002 pl p5 pl0
Agriculture 6 6 7 9
Coal 13 13 15 19
Petroleum and Gas 2 2 2 3
Refined Petroleum 42 46 55 69
Electricity Production 66 71 85 108
Cement 7 8 9 12
Paper Products 6 8 10 13
Iron And Steel 19 21 25 31
Transportation 37 39 45 56
Other Economy 19 20 25 31

5.2. Where Does Turkey Stand In The Environmentaldsues?

Before turning to the experiment results, | firgy lout the Turkey’s current
stance in the environmental issues both at thenatenal and the national level.
Turkey, with its increasing energy demand due $opdce of industrialization as a
developing country, has not been able to stabiizemission levels yet. Some of the
problems faced in the course of reducing emissawasintensive use of low quality,

domestic lignite sources; increasing emissions freahicles; intensive overall
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energy use due to low energy efficiency in the sidy inadequate emission
measures taken by the power plants (Turkey’s Nati&mvironmental Action Plan,
1999). Although there does not exist any policy ingndirectly at decreasing or
controlling emissions in Turkey, there are many ale@rrangements which
contributes to the GHG emission reduction effondirectly. Appendix E gives an

extensive list of these regulations, legislationd hy-laws.

In the course of the international attempts to cedemissions, as an OECD
member, Turkey joined the UNFCCC but being incluiedoth annexé$ of the
Convention became a matter of controversy. Turlke@ysed to be listed as an Annex
[l country, which agrees on the provision of aidthie developing countries in their
actions to reduce emission. Upon Turkey's reqbst was removed from the
Annex Il list in the ¥' Conference of the Parties (COP 7) in 2001, with th
recognition of her special circumstantfes Annex | (list of countries that are
primarily responsible for the reduction of their isgions). Since, Turkey did not
ratify the Convention at the beginning, the KyotmtBcol which quantifies the
reduction levels, has never set limits for Turkegmiissions. Even though the
emission limits are not set and Turkey is not at pdrthe Protocol yet, the
prospective EU membership of Turkey requires thembaization of the legal
actions taken for the prevention of global warmivith the EU legislation, as it does

in any other area. Under the Convention, Turkeyh$iged to control its GHG

1 The Convention recognizes the Annex | countriesPagies of the Convention who are has
“common but differentiated” responsibilities in teihg the anthropogenic GHG emissions to 1990-
levels and preventing global warming, leaving thgponsibility of providing developing countries the
financial and technical support to the Annex Il otvies.

12 Tyurkey is agreed to benefit from the distinguishigtits granted to the transition economies, in the
scope of the Convention.
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emissions, protect and enhance its carbon sinksgdunce national policies and
proper measures for this purpose and report rdguiarthe UNFCCC Secretariat
(Turkey's 9" National Development Plan). In this context, Tyrkes submitted its
first National Inventory Report in 2006 and firstatdnal Communication on

Climate Change in 2007.

5.3. What Does The Experiment Results Reveal?

As can be understood from the course of the enwisortal events laid above,
Turkey is soon to introduce environmental policidsectly addressing to the
emission levels. The questions | am trying to amswehis section are; what would
be the costs of employing such environmental psdicand if it is possible to
overcome these costs, or even create external itsgndéirough undertaking
alternative measures. For this purpose, | firsineke the effects of alternative €O
taxes (imposed on intermediate use and final coptom of primary energy
sources; coal, petroleum and gas and electricbgring this examination, the
attention is drawn not only on the changing @&mission levels but also on the
changes in GDP level, unemployment rate and thddouof taxation on the overall
economy. Introducing energy and consumption taxeshe primary energy goods
displays improvements in the emission figures Hexint levels but they also imply
an excess burden on the economy (especially omabed market, which is under
question) with deteriorating indicators (such aflingg GDP growth rate and
increasing unemployment rate). Thus, further infeeeis needed to correct for these

adverse effects. Therefore, following the exercisds applying energy and
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consumption taxes, the already existing taxes barlgpayroll tax) is decreased to
see if an ultimate goal of “sustainable environmard sustainable economy” could
be achieved. The devised exercises are summaretedb
I.  Experiment 1. Taxing the intermediate use of enesgyrces in
production
a. Applying 10% and 20% energy tax
b. Introducing payroll tax deductions
II.  Experiment 2: Taxing the final consumption of eryesgurces
a. Applying consumption tax
b. Introducing payroll tax deductions
lll.  Experiment 3: Taxing both the intermediate use thedinal use of the
energy sources
a. Applying the tax mix

b. Introducing payroll tax deductions

5.3.1. Experiment 1: Energy Tax

First, we levy a tax on the intermediate uses @rgy sources on two levels,
10% and 20%. The tax revenues are transferrecetgahiernment budget and treated
just like any other revenue item; no specific métion of energy tax revenue is

envisaged.

As anticipated, energy taxation is a practical tnalecreasing the emissions in

the economy. They inhibit the use of primary enesgyrces in the production
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processes through increased input prices. An ertarggt a rate of 10% is associated
with an 11% decrease in G@missions by the end of the period, compared ¢o th

base run, whereas a 20% energy tax manages taadeazenissions by 16% (Figure

3).
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Figure 3: Total CO, emissions under alternative energy tax rates (millin tons)

If we turn to the sectoral distribution of the esnss and to the rates of
contribution of sectors to the emission reductiars see that, petroleum and gas,
electricity production and iron and steel industree among the leading sectors,
with an average decrease of 19% and 29% in 10 g¢seriender a 10% and a 20%
energy tax scenarios respectively (Table 8). Theredse in the emissions of
petroleum and gas sector stems from the fall ioutput due to decreasing demand
(caused by the increased prices). The fall in theticity sector’'s emissions has two
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folds. First, the similar mechanism in the caspetfoleum and gas sector is put into
effect for the electricity production sector as ldkemand for electricity production

decreases due to increased prices and in turnutipeitdevel decreases. The second
fold is that, electricity production constitutesthigher demand for petroleum and
gas. With the increasing input prices due to enéaggtion, cost of production also

increases for electricity sector, leading to a éase in the output level. Under these
two effects, the fall in the output level of elecity sector, with a 28% decrease at

the end of 10 periods, is the highest among 1®eeltable 9).

Table 8: Changes in the sectoral emission levels der alternative energy tax
rates (million tons)

BASE SCENARIO 10% ENERGY TAX | 20% ENERGY TAX
2004 p1 p5 pl0 pl p5 pl0 pl p5 p1d
AGRICULTURE 6.01 6.22 7.3f 9.8 6.15 7.8 863 609 {.11 B.53
COAL 12.64 13.0¢ 15.08 18.%3 129 1448 1§.31 1p40 34.12 [6.82
PETROLEUM AND GAS 174 18% 2.2p 246 1.%5 1.B6 2|31 133 1.61 p.00
REFINED PETROLEUM 4189 45.66 54.98 68.$3 43p9 51151 63.73 4J1.89 49.47 p0.12
ELECTRICITY PRODUCTION 65.74 71.3p 85.20 108.p5 63)86 7545 93.16 5B8.25 §8.82 PB4.85
CEMENT 699 763 921 1147 721 8Pl 10|57 Q.72 .94 Pp.77
PAPER PRODUCTS 6494 8.02 974 1249 7.28 8KB5 10]75 4.87 .20 1j0.06
IRON AND STEEL 19.2] 20.78¢ 24.90 31.36 168 1968 24.09 1B.92 16.40 p0.04
TRANSPORTATION 36.5] 38.59 45.43 56.22 37§41 43152 53.26 3p.48 42.37 p0.73
OTHER ECONOMY 19.14 20.2p 24898 31.¢8 19P9 2407 29.64 1p.80 43.89 P9.49

Table 9: Changes in the sectoral output levels undalternative energy tax rates
(billion TL, 2002 prices)

BASE SCENARIO 10% ENERGY TAX 20% ENERGY TAX

2002 pl p5 p10 pl p5 p10 pl p5 p10
AGRICULTURE 4351 439% 5141 63%2 4380 50199 63.89 4B.75 §0.90 p0.67
COAL 1.8 1.9% 2.1y 2.91 1.83 1.p9 2|21 173 1.87 P.06
PETROLEUM AND GAS 0.79 0.7 0.8p 1.47 0.%9 0.2 0[89 0.52 .63 D.78
REFINED PETROLEUM 5.05 5.54 6.7p 8.15 5.39 6.p3 8|18 5.26 6.38 V.99
ELECTRICITY PRODUCTION 7.64 844 10.33 1341 7.40 87 11441 6.61 B.02 10.20
CEMENT 9.69 10.5 12.97 16.J9 10p0 12}46 14.69 b.95 12.17 15.34
PAPER PRODUCTS 14.09 17.7 21.91 2942 169 1974 2%.18 1518 18.32 p3.15
IRON AND STEEL 1753 19.19 23.31 30.04 14B8 17]28 2166 11.28 1356 [16.98
TRANSPORTATION 63.8] 66.88 79.38 98.48 6632 77195 9438 6p.04 {47.58 P3.79
OTHER ECONOMY 419.5] 440.3p 538.21 6852 43864 53P.15 6(0.17 4B7.81.7H3%662.84
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Although energy taxation seems like a convenienicydool for achieving
emission reductions, it has severe adverse efecttSDP level and unemployment
rate. A 10% energy tax decreases GDP level by 3bsfthe end of the 10 periods.
The decrease in GDP level with the imposition @086 energy tax also displays a

very similar rate; 3.8% of the base-run value (Fegd).
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Figure 4: GDP under alternative energy tax ratesZ002 prices, billions TL)

In the case of unemployment, 10% energy tax ineeti®e unemployment rate
by almost 5 points by the end of the period, whereader a 20% energy tax,
unemployment rate increases by 8 points, comparedet base-run (Figure 5). So
the unemployment rate becomes 15% with a 10% ertesgand 18% with a 20%

energy tax, which is twice the base-run unemploymee.
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Figure 5: Unemployment rate under alternative eneryg tax rates (%)

With the imposition of a 10% energy tax, the radfogovernment revenues
(sum of all taxes except for the payroll taxes oages and the social security
payments) to GDP rises from 33.8% to %34.5 and i85.0% in case of a 20%
energy tax. But, since the aim of this study isnteestigate the effects of decreased
payroll and corporate taxes simultaneously with ithposition of CQ taxes, the
ratio of the total tax revenues (including the pdlytaxes and social security
payments) to GDP is an appropriate measure to letdcthe burden of taxation on
the economy. According to this figure, the tax lrdihcreases from 39.8% to 40.4%

with a 10% energy tax. A 20% energy tax impose8.8% burden on the economy.

Looking at the changes in the shares of tax revetmms in the aggregate

government revenue we see that the payroll taxnweves decreasing both in
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absolute terms and as a share of the governmesiwewvith higher rates of energy
tax, compared to the base-run (Table 9). Sincepélyeoll tax rate is not subject to a
change (the calibrated rate is 36%), the differendde payroll tax revenues stems
from the deteriorating tax base, i.e. increasingnoployment rate. The setting of the
energy tax is such that, the intermediate use @, cpetroleum and gas and
electricity is taxed. In this case, although thevgh of intermediate demand for
these goods slows down with higher rates of entaggs, the demand still increases
in each period in absolute terms. So, the tax dass not erode, resulting in higher

energy tax revenues with higher tax rates.

Table 10: Total payroll and energy tax revenues (Hion TL, 2002 prices) and
their shares in the total tax revenue under alternive energy tax rates

(as of period 10) Base Scenari |10% Energy Tax |20% Energy Tax
Payroll Tax Revenues 17.14 16.24 16.07
Share of Payroll Tax 9.69% 9.39% 9.19%
Energy Tax Revenues - 3.31 5.66
Share of Energy Ta - 1.91% 3.24%

According to the findings summarized above, altiowgy 10% energy tax
decreases the G@missions by 11% by the end of the period, itl$® associated
with a 3.7% decrease in GDP level and a 15% ungmat rate. And the total
taxes revenues in the economy as a share of GB®t0s40.4% as well. In order to
ease these adverse effects while maintaining theedsed C@margins as much as
possible, a reduction in payroll tax with altermatilevels is introduced in this

section.
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i. Effects of Reduced Payroll Tax when a 10% Energyax is Present

The reduction rates considered here are 1, 2, 8ncb 6 percentage point
reductions which are employed on top of a 10% gntxg. For each point reduction
in payroll tax, its effect on unemployment rate§Rslevel, CQ emissions and tax

burden is examined.

e Effects on unemployment

Payroll tax enters into the firm’s profit equatifiag. 9) as a factor increasing
the labor cost. This cost, in turn, affects theotabemand conditions of the firms
(Eq. 12) which operate on the objective of profaximization. So, as a result of this
causality, with each incremental point reductiothi@ payroll tax, the unemployment
rate displays a decreasing trend in this experin®i@ percentage point decrease in
the payroll tax reveals an unemployment rate wincblosest to the base-run rate,
among all percent point reductions in payroll tnsidered here. A 6 percentage
point reduction in the payroll tax decreases themyployment rate considerably and
eventually the unemployment rate converges to 3btctwwould be indicated as the
non-accelerating inflation rate unemployment (NAIRor Turkey™ by the end of

the period (Figure 6).

13 Yavan (1999) estimates NAIRU for Turkey for theipdr1970-1995 and documents a fluctuating

series for the stated period. It scores 1.5-3%tHer pre-1980 period, then declines to 2% between

years 1980 and 1988, and rises again to 4% in 1%4@sikkale (2002) also supports these findings.
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Figure 6: Unemployment rate under a 10% energy taxand alternative payroll
tax reductions (%)

+ Effects on GDP

The increase in labor demand as a factor of praslucas a result of decreased
payroll tax, increases the gross output level. Tlau40% energy tax without any
further reduction in the payroll tax giving the lest GDP level, each incremental
point decrease in the payroll tax is associatet! wiggher GDP levels (Figure 7). A 2
percentage point decrease in the payroll tax dyspdaGDP level which is closest to
the base-run level, whereas 6 percentage poinedsergives the highest GDP level

(5.9% above the base-run GDP level at the endeopéniod).
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Figure 7: GDP under a 10% energy tax and alternatie payroll tax reductions
(2002 prices, billion TL)

+ Effects on CO, emissions

Similar to GDP figures, a 10% energy tax in theeaoe of any further
decrease in payroll tax, gives the lowest leveC@% emissions. Although, under all
alternative levels of payroll tax and in all pegodhe CQ emissions are lower than
the base-run level, each percentage point decieasee payroll tax increases the
emissions (Figure 8). The trend in emissions ikn@ with GDP trend, which reflect
the dependency of emissions on the aggregate ecomativity. A 2 point decrease
in the payroll tax, which seems to yield resulteselr to the base-run values
concerning other indicators, still manages to desgethe emissions by 7.8% of the
base-run level by the end of the period (the rednctatio falls by 2.2 points,

compared to the 11% decrease with only 10% enesgy t
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Figure 8: CO, emissions under a 10% energy tax and alternativegyroll tax
reductions (million tons)

+ Effects on the ratio of total tax revenues to GDP

The tax burden on the economy is the highest willy @ 10% energy tax in
presence. Then, this burden decreases with eadlemeatal percentage point
decrease in the payroll taxes, 6 point decreaggaymoll tax revealing the closest
figure to the base-run ratio of total tax revent@sGDP. Figure 9 presents the

decreasing trend of the tax burden with higherllefeeductions in payroll tax.
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Figure 9: Total tax revenues to GDP ratio under 10% energy tax and

alternative payroll tax reductions

Having observed these figures, it is now possiblmake comments about the
alternative tax schemes with the objective of “deutividend”. It is evident that a 6
percentage point decrease in the payroll tax inpitesence of a 10% energy tax
gives an enhanced GDP level (with an annual avegag@th rate of 5.5%) and a
close to zero unemployment rate with no excesdtaden on the economy. But this
tax scheme presents a poor performance regardangetiuction in C@emissions.
Although, it manages to reduce the emission lewstlH,the emissions are higher
compared to other tax schemes and eventually tles&m level is converging to the

base-run level by the end of the period.

Figures reveal that, instead of taking a drasti@suee and decreasing the

payroll tax by 6 percentage point, following a mihime would be more beneficial
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for the sake of reducing GOemission levels along with improvements in
unemployment figures. A 3 percentage point decre@agayroll tax would not only
characterize an economy which behaves similar eéobtise-run path (with a 9.7%
unemployment rate and a 5% real GDP growth ratethen average) but also
decreases the emissions by 6.2% by the end ofethi@dp compared to the base-run.
In this case, the tax burden is only slightly irased (from the base-run value of
39.8% to 40.1%). Depending on the priority of thaiqy objectives, a 2 point
decrease would also yield desirable results. fpoissible to reduce emissions by an
additional 1.8% (of the level achieved under 3 palecrease) with the risk of
increasing unemployment by about 2.1 points in laibsderms. In this scenario the
economy grows by 4.8% annually on average and dte tax burden is 40.2%.

Table 11 summarizes these observations.

Table 11: Comparison of the outcomes of alternativiabor tax reductions under
a 10% energy tax

(;0_2 Unemploymen Average GDP | Tax Burden
E_n_ussmns Rate (%) Growth Rate (Tax

(million tons) (%) Rev./GDP)
Base-run 350 10.04 4.9 0.398
No decrease 311 15.97 4.5 0.404
1 pt. decrease 317 13.94 4.6 0.403
2 pt. decrease 323 11.85 4.8 0.402
3 pt. decreas¢ 328 9.70 5.0 0.401
5 pt. decrease 340 5.24 5.3 0.400
6 pt. decrease 347 2.94 5.5 0.398

ii. Effects of Reduced Payroll Tax When a 20% Energ Tax is Present

The case of the 20% energy tax also presents erpathich is similar to that
of 10% energy tax. Although 7 percentage point elzse in the payroll tax gives a

close to natural unemployment rate and an annudP @@wth rate of 5.6% on
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average, with a 4 percentage point decrease ipaill tax, the economy behaves
closer to the base-run path (with 9.5% unemploymeet on average and 5% annual
GDP growth rate). Under this tax scheme, the m@itiax revenues to GDP increases
from the base-run value of 39.8% to 40.5% by the @nthe period. Regarding the
emission levels, with 4 percentage point decreas@ayroll tax, emissions are
expected to decrease by 10% compared to the baserhereas with 8 percentage
point decrease, this value is only 4%. Betweenr#ueiction rates 3 and 4 points,
there again exists the dilemma of further decrepssie emissiorts at the expense of
increasing unemployment rate (by around 2.2 pdiota rate of 11.84%). Thus,
deciding on the optimal payroll tax reduction ragguires the knowledge of the
prioritization of the objectives. Related figureslaa comparison table, regarding the
consequences of alternative payroll tax reductionder a 20% energy tax, are

presented in Appendix D.

5.3.2. Experiment 2: Consumption Tax

Now, we change the source of taxation and applPadd the consumption of
coal, petroleum and gas and electricity by the Bbakls. Imposed emission taxes

are at rates of 20, 10, 5, 3, 2 and 1%.

Increasing levels of emission taxes on the finalsconption of the energy
sources affect the emission levels inversely. Altio a 20% consumption tax

decreases the emissions by 4.6% compared to tleerbasit is the lowest ratio

14 A 3 point decrease in payroll tax is associatechveit1.7% more reduction in G@missions
compared to the case of 4 point reduction.
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among the emission reduction ratios under theratare consumption tax levels. So,
in this pattern a 1% emission tax on the consumpdibenergy goods leads to the
highest reduction in the emission compared to #eefun by the end of the period

(emissions decrease by 6.8%). (Figure 10)
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Figure 10: CO, emissions under alternative consumption tax rate@nillion tons)

The decrease in the emissions is again associatedwecrease in GDP level
and an increase in unemployment ratio accordingfith a 1% emission tax on
consumption, GDP level decreases by 7% (Figurecbbpared to base-run and

unemployment rate reaches to 15.2% by the endegbeniod (Figure 12).
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Figure 11: Unemployment rate under alternative congmption tax rates (%)
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Figure 12: GDP under alternative consumption tax rées (million tons)

I. Introducing a Reduction in Payroll Tax in the Presence of a Consumer Tax

As mentioned above, although a 1% consumption &axthe best performance
in reducing CQ@ emission; it also causes the highest drop in GBWell and
eventually the highest unemployment rate, when @et to the figures under

49



alternative consumption tax rates. In accordandk thie objective of this study, we
try to eliminate those adverse effects through cgdos in payroll taxes in this
section. Here we implement 4, 3, 2 and 1 pointeks®s in the payroll tax on top of

1% consumption tax on the energy sources and exatiméresults.

Each incremental point reduction in the payroll tearhances GDP and
increases employment figures. But, since the olvenaission levels are linked to the
economic activity, C@emissions increase as well. A 4 point decreaskerpayroll
tax pulls GDP up to its base-run level and decretts® unemployment rate to as low
as 6.7% but leaves the emission levels unchangetiedognd of the period. Thus,
there is no double dividend in this tax scheme.tlin other hand a 2 percentage
point decrease in payroll tax on top of a 1% cor@ion tax on energy sources
reveals an unemployment rate of 11.1% and a dexiaate emissions by 3.4% by
the end of the period. Even though, under this degnario the GDP seems to
decrease by 4%, by the end of the period, compard¢de base-run, the economy
pursues an annual growth rate of 4.5% on average¢hentax burden remains stable

at its base-run level (39.8% of the GDP). Tablesd@marizes these results.

Table 12: Comparison of the outcomes of alternativiabor tax reductions under
a 1% consumption tax

(;0_2 Unemployment Average GDP| Tax Burden
E_rr_ussmns Rate (%) Growth Rate (Tax

(million tons) (%) Rev./GDP)
Base-run 350 10.04 4.9 0.398
1 pt. decrease 332 13.20 4.3 0.398
2 pt. decrease 338 11.11 4.5 0.398
3 pt. decrease 344 8.96 4.6 0.397
4 pt. decrease 351 6.75 4.8 0.396
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5.3.3. Experiment 3: Tax Mix

Here, first we compare and contrast the resultanmgdflementing two tax
schemes (a 10% energy tax on the intermediate fud® @nergy sources and a 1%
consumption tax on the final uses of energy sodnoesvidually. Then, we examine
the results of implementing these two taxes simeltaisly and introduce payroll tax

reductions.

I. Comparison of the Alternative Sources of Taxatin

Evidently, a 10% energy tax offers a greater des@aa the emissions than the
rates offered by a 1% consumption tax. The redaoctetes are 11% and 6.7%

compared to the base-run and to 1% consumptiorietsels, respectively (Figure

13).
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Figure 13: CO, emission under alternative tax sources (million tes)
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While the difference between the emission valuesadssiderable, a 10%
energy tax displays an unemployment rate whichely «lose to that under a 1%

consumption tax (rates are 15.9% and 15.2%, raspggtsee figure 14).
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Figure 14: Employment rate under alternative tax sarces (%)

Also, GDP level is higher in the case of 10% endeyywhen compared to
the case of a 1% consumption tax (the differenc®4%6 of the GDP value under a

1% consumption tax, see Figure 15).
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Figure 15: GDP under alternative tax sources (200grices, billion TL)

Although 10% energy tax reveals more desirable lteesthan a 1%
consumption tax, high unemployment rate is stilprablem and can be solved

through introduction of a decrease in payroll taxpeeviously examined.

ii. A Mixed Tax Scheme

When we apply a combination of the two taxes thajettories of
unemployment rate, GDP levels and £&issions reveal a path which is closer to
that of a 10% energy tax. G@missions are slightly over the level under a 10%
energy tax (by 0.1%), GDP level is higher by 0.2%hvan annual growth rate of
5.1% on average and unemployment rate is lowerllgyeacentage point, but still at

14.2% level (Figures are presented in Appendix D).
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iii. Addressing to the Problem of Unemployment undea Mixed Tax

To address the problem of high unemployment ratkeuthe combined tax
scheme, we introduce payroll tax reductions atrradieve levels to search for the
traces of double dividend. Payroll tax is reducgdbp3, 2 and 1 percentage points

and the results are presented below.

Each incremental point decrease in payroll taxssoaiated with lower levels
of unemployment. With a 4 point decrease unemployrevel reaches to 6.3%. The
closest unemployment rate to the base-run patthenvthe payroll tax is decreased
by 2 points (annual unemployment rate is 10.5%henatverage). A 1 point decrease
gives a higher unemployment rate than the prevoage but it is still below the rate

revealed under no decrease in payroll tax (Figéje 1
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Figure 16: Unemployment rate under combined tax raés and alternative

payroll tax reductions (%)

The pattern is similar for the behavior of GDP lewss anticipated. With 4
point decrease, the economy expands the most (6P is 2.8% higher than the
base-run level and 6.6% higher than the level umdepayroll tax reduction). The
case of 2 point decrease again displays a GDP Velvieh is closest to the base-run

path (Figure 17).
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Figure 17: GDP under combined tax rates and alternve payroll tax

reductions (2002 prices, billion TL)

Considering the Cgemission levels, the performance of the tax schesrids
reductions in payroll tax gets worse as the levelraduction increases. A 4
percentage point reduction performs the worst &itllecrease in emissions by only
4.4% compared to the base-run value. Reducing digeolh tax by 1 point gives the
closest level of emissions to the combined tax meheith no further reductions in
the payroll tax. C@emission reductions for a 2 and a 3 point decreiasgsyroll tax

are 7.7% and 6.1% compared to the base-run, reésgpgdfigure 18).
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Figure 18: CO, emission under combined tax rates and alternativ@ayroll tax

reductions (million tons)

As we assess the effects of different levels ofrghyax reductions in the
presence of a combined tax regime on energy immudsfinal use, a 2 and a 3 point
reduction reveal similar results (Table 13). At tigense of a 2.2 point increase in
unemployment rate a 2 point reduction in payroll ppomises a higher reduction in
emissions than does a 3 point reduction (the diffee is 1.8% of the emission level
under a 3 point reduction). Average GDP growth ratalso slightly decreased with
no further tax burden on the economy. Again, deendn the prioritization of the

policy objectives, both reduction rates on paytaX are viable.
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Table 13: Comparison of outcomes of alternative radctions in payroll tax
under the combination of energy and consumption taes

(_30_2 Unemployment Average Tax Burden
Emssmns Rate (%) GDP Growth (Tax

(million tons) Rate (%) Rev./GDP)
Base-run 350 10.04 4.9 0.398
No decrease 312 14.83 4.5 0.404
1 pt. decrease 317 12.77 4.7 0.403
2 pt. decrease 323 10.65 4.8 0.402
3 pt. decrease 329 8.48 5.0 0.402
4 pt. decrease 335 6.25 5.2 0.401

When we compare the effectiveness of implementezktbnvironmental tax
schemes along with alternative payroll tax redungjdhe optimal taxing scheme is
revealed to be the tax mix (A 10% energy tax withl% consumption tax)
accompanied with a 2 point reduction in payroll.t&ach a tax scheme manages to
decrease emissions by 7.7% by the end of the peraodpared to the base-run level,
with a 10.65% unemployment rate and a 4.8% anni¥ @rowth rate on average.
The same level of emission reduction is accomptighea 10% energy tax with a 2
point payroll tax reduction but this time the basil is an unemployment rate
reaching 11.85% by the end of the period. Use Iffaconsumption tax fails to keep
up with the performance of both the energy tax Hretax mix; lower levels of
emission are associated with unbearable unemplaymates and reciprocally, a
base-run compatible unemployment rate comes witle@igible reduction of the

emissions. Table 14, summarizes these results.
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Table 14: Comparison of outcomes of alternative radctions in payroll tax
under three alternative environmental tax schemes

1% 10% Energy +
Base- [l Consumption | 1% Consurggtion
run Tax
Tax Tax
Rate of payroll tax 2 pt. 3 pt. 2pt. | 3pt. | 2pt 3 pt.
reduction
CO2 Emissions
(million tons) 350 323 328| 338 344 323 329
Unemployment
Rate (%) 10.04| 11.85 9.70| 11.11] 8.96| 10.65 8.48
Average GDP
Growth Rate
(%) 4.9 4.8 5.0 4.5 4.7 4.8 5.0
Tax Burden
(Tax Rev./GDP)| 0.398] 0.402] 0.401] 0.398 0.397| 0.402] 0.402
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CHAPTER 6

CONCLUSION

The threat of the global warming trend that is aagbn all the species,
including mankind, has directed the policy agera@ards this issue and forced the
governments to take strict measures at the intemadtlevel. Pursuing the double
goal of sustainable economy in a sustainable enwiemt has become the policy
objective of many governments, if not all, for flast 20-25 years. In such a setting,
evaluating both environmental and economic effeftsneasures taken to reduce
emissions and correcting for any possible adveifeets through alternative policies

has gained importance.

Turkey, as a developing country, is also troublathws high leveled and
rapidly increasing emissions, and is expected toadse these emissions as a party
to UNFCCC. Yet, the studies revealing the energyrenment-economy relations
are scarce in the Turkish concept, leaving thescoktenvironmental policies and

alternatives to these policies in order to eassetltests, in disguise. This thesis aims
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to shed a slight beam of light on this area of asde and tries to show if a
sustainable environment is possible along with stasnable economy. For this
purpose this study employs a 10 sector CGE modeltokey based on the 2002

data, which runs for 10 periods, and examinesdhalts of alternative tax scenarios.

First, a 10% energy tax is imposed on the interateduse of the energy
sources. Although C£emissions are reduced, unemployment rate and @@ are
adversely affected from such a tax scenario. Astmnd step, these adverse effects
are addressed through payroll reductions. A 3 péage point reduction in the
payroll tax reveals an economy which is very muchne with the base path (in case
of unemployment rate and GDP) and still managedetmrease emissions by 6.2%
compared to the base-run levels. It is possibledoice emissions further through a 2
point reduction in the payroll tax but this timeetaconomy ends up with a higher

unemployment rate and a lower GDP level.

Secondly, alternative rates of consumption tax iamposed on the final
consumption of energy sources by the householdsorynthe imposed rates, 1%
consumption tax displayed the best performanceducing the emission levels, but
again with a higher unemployment rate than the -baseSimilar to the energy tax
case, it is possible to correct for the adversectsfof the consumption tax through
payroll tax reductions. A 2 percentage point reucigives a close-to-base-run
trajectory (in terms of unemployment rate and GBWl) but its performance on the

emission reduction is poor, only a 3.4% reduct®adhieved.
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Lastly, a tax mix of a 10% energy tax and a 1% uoondion tax is
considered. The adverse effects on unemploymert aati GDP level are still
present along with emission reductions. With furtiiference in the economy
through payroll reductions, the rising unemploymeate and falling GDP are
banished. A 2 point reduction in payroll tax undemixed tax scheme seems to
reveal the most efficient tax combination amongeottax scenarios; achieving the
highest emission reduction (7.7% of the base-rualjavith the lowest cost (10.65%

unemployment rate and 4.8% GDP annual growth oat@verage).

The findings of this paper reveal that an environtakpolicy directed to the
reduction of CQemissions, although costly when implemented oowas, is viable
through payroll tax reductions, which is the foafsthis study. By reducing the
payroll taxes, the cost burden on firms, whichlévated because of the implemented
environmental taxes, is reduced. So, the firms hegp up with their previous

output levels and the economic activity picks up.
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APPENDICES

APPENDIX A

Model Equations

PRICE BLOCK

P™ =ePW"(L+t™)
PQCC| :[PDi DC| + PimMi](l-'-tSal,i)

PX;X§ =PDDC +R°E,
PINDEX= )" pwts PC,

OUTPUT AND FACTORS OF PRODUCTION BLOCK

XS = AX, {Kﬁw U(ﬂ ID, e jENG{'E’}

@+ COJN))PCIID;; = Ap ;i A Tpoq; )PX XS

@+ pyritax)Wl;, = A, ; (L1 -tp,4;)PX; XS
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w=Ww= L°->L, =UNEMP

Ky = A @=tp0q; ) PXi XS

DK, =K?®

PEGENG = Ag; At )PX X§

Aci T AL +ZAID,j,i +Ag; =1
i

ENG = AE [BCQID;5) + BPGID,Z + BELID% |~

Do, _ BCQPEG 1(1+p8)
ENG | AE™™ (1+COIN,)PCeo

Dps, _ BPGPEG )
ENG | AE ™ (1+ COfNyo)PCog

D, _ BELPEG L(1+p8)
ENG | AE™ (L+COMNg PG,

PEQENQ = I:)CCOIDCO,i + I:)CPGIDPG,i + I:)CELIDEL,i

ENVIRONMENTAL POLLUTION AND CO2 TAXES

joi i

CO,EM,; = > CO,EM[™ + > CO,EM > + > CO,EM \°
j j j

CO,EM™ =@ ID;  j=CO,PG
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CO,EM T = %; IDj; j=RP

CO,EM° = 3 X§

J

Torcagne= 3| ¥ coem ™ +co.emis)

TOTCQIND = Y CO,EM"°
TOTCQHH =) "#,CD,

TOTCQ=TOTCGENG + TOTCQIND + TOTCGQHH

TOTCQTAX= Y3 CO,IN,PCID, , + D CO,tC,PCCD,
i j i

TRADE BLOCK

XS =q, [Bi Ef" +(1-p;)DC ]%ti

E [P g
DC, |PD, A

CG = ¢, [oM;#5 + (1-0,)DC 75 | 7

1
M, |PD 0, [wes
DC I:)im (1'9i)
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INCOME GENERATION AND DEMAND BLOCK

EtrHH = (1-ts,,) > rK, - EERPtrROW NFI® + GrEE

Corp

r°DomDebt -rFeForDebf + eForBOR

EERPIrROWE trrow | (1-tg,,)rK;

Corp
NFI® = (1-te,,) Y shrgrK,
YHWnet= (1- sstajw_ L7
YHH = YHWnet+ EtrHH + GtrHH + SSItrHH + eROWtrHH

YHnet= (1-t, )YHH

Inc

PUBLIC SECTOR BALANCES

GREV= throd,i I:)Xi XS + ZtSaI,i PC|CC:| + Ztmepvva i + Zte'ePVveEi +t'”°YHH

+ tcmpz K, + Z NFI® + TOTCO,TAX

GPRMBAL = GREV — GCON - GINV - GTrans

GPRMBAL = prbrat[GDP

GCON = gcr *GREV

GtrHH = rtgtrhh .*GTrans
GtrEE = rtgtree * GTrans

GTrans = gtrs *GREV
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GTrans = GtrHH + GtrEE + GtrSSI

revSSI= (pyrltax+sstayw _ L,

GtrSSI = SSItrHH - revSSI

FINANCIAL ACCOUNTS

PSAV = § YHnet

GSAV = GREV — GCON feForDebf - r’DomDebt —~GtrHH — GtrEE — GtrSSI

+eForBor®

PSAV + GSAV + e CAdef = PINV + GINV

SECTORAL DEMANDS

PRIVCON= (1 - §)YHnet

D = cles . PRIVCON
= v coxc)pe

GCON
GD =gles
' = gles PC
: PINV
IDP, =iple
i —Iples PC
IDG, =igles GINV

PC
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MARKET CLEARING

CG=INT; + CD; + GD; + IDP; + IDG;

INT = YD,
i

CAdef=>P"E, + ROWtrHH+ ForBor® + ForBor®
—[Z P'M, + (trrowz (1—th,rp)rKi)/e+rFForDebtE +rFForDeth]

GDP = 3 |PG (CD, +GD, +GID, +ID,) + PW° €E, - PW"eM, |

Dynamics

Dprt Depreciation Rate

Popgr Population Growth Rate

tipGR Total Factor Productivity Growth Rate

Evolution of government and private debt

Public Sector Borrowing Requirement

PSBR = GREV — GCON —GINV FefForDebf - r°’DomDebf —-GTrans

Government’s Foreign Borrowing is a ratio of PSBR:

eForBor® = (gfborrat)PSBR

DomBor = (1 - gfborrat)PSBR

Government Domestic Debt
DomDebt,; = DomDebt+ DomBok
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Government Foreign Debt
ForDebf.; = ForDebf + ForBor®
Private foreign debt

ForDebf..,; = ForDebf; + ForBor%,

K% = (-dpr)K S + " (IDR, +1DG))

L, = L+ popgp) L

AX/,, = A+tfpGR)AX|
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Table A. 1: Sectoral Mapping

59 Sectors of the 2002 Input-Output Matrix

10 Sectors of the Model

Products of agriculture, hunting and related
services

AGRICULTURE(AG)

Other non-metallic mineral products

CEMENT (CE)

Coal and lignite; peat

COAL (CO)

Electrical energy, gas, steam and hot water

ELECTRICITY (EL)

Basic metals

IRON AND STEEL (IS)

Pulp, paper and paper products

PAPER PRODUCTS (PA)

Crude petroleum and natural gas; services
incidental to oil and gas extraction excluding
surveying

PETROLEUM AND GAS
(PG)

Coke, refined petroleum products and nuclear
fuels

REFINED PETROLEUM
(RP)

Land transport; transport via pipeline services

TRANSPORTATION (TR)

Water transport services

TRANSPORTATION (TR)

Air transport services

TRANSPORTATION (TR)

Supporting and auxiliary transport services; tra
agency services

vel

TRANSPORTATION (TR)

Products of forestry, logging and related servic

OTHER ECONOMY (OE)

Fish and other fishing products; services
incidental of fishing

OTHER ECONOMY (OE)

Uranium and thorium ores

OTHER ECONOMY (OE)

Metal ores

OTHER ECONOMY (OE)

Other mining and quarrying products

OTHER ECONOMY (OE)

Food products and beverages

OTHER ECONOMY (OE)

Tobacco products

OTHER ECONOMY (OE)

Textiles

OTHER ECONOMY (OE)

Wearing apparel; furs

OTHER ECONOMY (OE)

Leather and leather products

OTHER ECONOMY (OE)

Wood and products of wood and cork (except
furniture); articles of straw and plaiting matesia

OTHER ECONOMY (OE)

Printed matter and recorded media

OTHER ECONOMY (OE)

Chemicals, chemical products and man-made
fibres

OTHER ECONOMY (OE)

Rubber and plastic products

OTHER ECONOMY (OE)

Fabricated metal products, except machinery g
equipment

nd

OTHER ECONOMY (OE)

Machinery and equipment n.e.c.

OTHER ECONOMY (OE)

Office machinery and computers

OTHER ECONOMY (OE)

Electrical machinery and apparatus n.e.c.

OTHER ECONOMY (OE)

Radio, television and communication equipmer

nt

and apparatus

OTHER ECONOMY (OE)
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Medical, precision and optical instruments,
watches and clocks

OTHER ECONOMY (OE)

Motor vehicles, trailers and semi-trailers

OTHER ECONOMY (OE)

Other transport equipment

OTHER ECONOMY (OE)

Furniture; other manufactured goods n.e.c.

OTHER ECONOMY (OE)

Secondary raw materials

OTHER ECONOMY (OE)

Collected and purified water, distribution servic
of water

es

OTHER ECONOMY (OE)

Construction work

OTHER ECONOMY (OE)

Trade, maintenance and repair services of mot
vehicles and motorcycles; retail sale of
automotive fuel

or

OTHER ECONOMY (OE)

Wholesale trade and commission trade service
except of motor vehicles and motorcycles

OTHER ECONOMY (OE)

Retail trade services, except of motor vehicles
and motorcycles; repair services of personal af
household goods

nd

OTHER ECONOMY (OE)

Hotel and restaurant services

OTHER ECONOMY (OE)

Post and telecommunication services

OTHER ECONOMY (OE)

Financial intermediation services, except
insurance and pension funding services

OTHER ECONOMY (OE)

Insurance and pension funding services, excef
compulsory social security services

—+

OTHER ECONOMY (OE)

Services auxiliary to financial intermediation

OTHER ECONOMY (OE)

Real estate services

OTHER ECONOMY (OE)

Renting services of machinery and equipment
without operator and of personal and househol
goods

OTHER ECONOMY (OE)

Computer and related services

OTHER ECONOMY (OE)

Research and development services

OTHER ECONOMY (OE)

Other business services

OTHER ECONOMY (OE)

Public administration and defense services;
compulsory social security services

OTHER ECONOMY (OE)

Education services

OTHER ECONOMY (OE)

Health and social work services

OTHER ECONOMY (OE)

Sewage and refuse disposal services, sanitatig
and similar services

n

OTHER ECONOMY (OE)

Membership organization services n.e.c.

OTHER ECONOMY (OE)

Recreational, cultural and sporting services

OTHER ECONOMY (OE)

Other services

OTHER ECONOMY (OE)

Private households with employed persons

OTHER ECONOMY (OE)
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Table B.1 (cont'd)
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Table B.1 (cont'd)
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Table B. 2: Definition of SAM
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Table C. 1: Simulation Results of Business-As-Usu&cenario

BECLIT  LO%90C BOO9GT  QLE981  CTECLLDl DBLSST BeC091  Fe0vesl TERSFD £5070FD w60 °0F1
ISLPE  SoOCE s'le  1soor £L8T QLT Lel'9T LBOST TIORT  SO0TEC 96'CT
156t FLOF LE¥ ¥ LOT Y o (1 €8E cae ToF'E FEEE SOTE £60°E
(QLILY oo 1aa 1o 000 6000 BOC O 8000 800 O LO00 LOGD
TLLD CELD P90 6L90 LTD0 B650 890 PE0 LIEO LobT G680
966 '€ CRLE CREE tE VT E LROE LE6T RORT SL9T TEST S08°T
A | s8ln FEL'| Lo] AT Lo’ Qa0 LER0 e R 150 lel0
€861 G631 P EELT 699" 09| | 8r | 'l e8] £5€l
BLI'EL b o s =] i b [€T0T GEG1 £ERCE1 LL] L6691 FLED] oR'cl LE0S]
BT EOPLT BLE0OT LSSLPT LTO9ET  £T6PIE oIBEIT  PFeEPOC TROG6I 6'LBI] ke LRI
6910 rA R SL10 SLIG 1810 reI0 L2810 9810 8l 0 1810 0510
STEL LOOEL BOLOL LRFEe cLe 09 LB Ly 79 SL0 6L 196 65 LIFTE oLk
9E001 69001 66101  LEEOI  6BEOL  6IFOI 65101 €890 ELOL BOLOT  TREDI
TSR TITTE9  SOB0T9  8kLles  TSHios  PITS8ES  HOO11s  SHFO8F  TSS19F  19€0RF  ELE6IF
[88 86 Cat e LLT 06 HECOE 08T QLERL GERCL GRETL L9t a9 CER09 CERED
8008  TSHFST  £RE9T  95€ST S6EHT SOEEX £€0TT P61z LI10OT TEL6L 60SLI
SIN6T  19TLT  £1$°6T  QL6'€T PORTT PIGIT 9T0IT £T00T  POG'RL  ERLLL  LROPI
oL 9l FA gy a90cl RRETI 919kl 69T 9LECl ROL1L LY B 0l L9606
1sel EELTH ce0'Z1 LEEL cER0| GEE0L CER'S COr'e ROR 'R SEF'S Fro'L
BFL'E HETH ceg'L BFFL Lon'L caL9 LG g 8] 5 Y ECLC Li0g
£L0°L £I0°1 BLGT £EO'D 680 LERO (0 E9LD SCL O €590 6690
15T T EEET ERTT il LO1T £y 0 E 8661 £S61 1271
£26°€9 LD609  BLFES €909 FISEE  9OLIS  6SFEF  T9TLF  LESEF  SRE SR FlSEE
L6t £96F RI5F 6191 TILF £TOE GED S HTLS 968 SR
SEOFRE  GL9'ETF  BROLOF  CTLBBE QLU0 8EITISE  S8CbEE peLBIE TEETOL  ols'esl  T00GLT
o1d il ad wd o gd td ed o 14 TOoT

SAOIdEd

AU 20
ooy odsue
fnannany
[P pue v
Ry
S 0qIa ] Py
sy dadeg
Fod
amnaudy
uandnsUoy & e
LA CI024 ) TS E3ALT FEALL]
JUSMLTESAL S BALL]
a1 e Aojcws
SWOUOIT SO
UDTEL odsue |
ARANDA
[EFalg [AIe o]
A )
Wmnaoaag Py
SEMped g Jade]
SECY PUE W |anad
0D
aamnEy
mndpngy [Eiojeeg
ST IMCIT JI0
ddD

78



Table C.1 (cont'd)

LLIE 61962  TTT 8T LO69T ELGT  LLSHT IIWEE  98TTC 6R1IT 9FTOT  I8T6I
H1Z9¢ 19L'EE 11 £ FIT 6k OLELYy by RLC &k bIL b BE00F HECRE [1&£9%
DTIE  S6L6T  9IEET 1669T 98T 96L T BLUET GR9TT TYIT 8LL0T 0TSl
£65T1 9SgI1 6SIIL #FS0l +600I L6 566 9768 8LFE +Z0'8 £8F9
L9911 I'11 LEST0N el ! I - Vi S8R I6ES 086 L 69 L 69
SPTE01 SIETOL +S9L6  TIGTH T688  I10TS8  E€SIB vS6LL STRRL  G6FELL 90LS9
1589 66TS9  90TT9  LPE6S 96895 GLSHS LTS I1Te'er LYl 9%9%F  TeEIF
98T FOL'T [ LT el SFCT FELE CI0E 161 LFRL CBLL
€558l IFLLL #8691 FETOT TO9ST  GLOEI Pl EF6El LSFEl E90El 99Tl
180G TH9'8 cCE'S CLaL aFd L fPEL 9T L BILD Y it LOG
880°1E  66S6T  9LI'ST  LERYT  HOST  SSEYT TIEEE 61'2C  F60°IT Is1roT  Lovsl
19887 9T9FLT  FISI9T  TSFSFT  THIGET  LSFPSIT 9066IT TD0IT  8S600T  SILTGL  EEELLI
QL OsE 194588 BIFLILT 16708 S90067 OQLISLE  9pe'990  F8¢FeC  B0LSFC  FOF'EET HHFOIT
BEOG00 065600 CASGOD0 62600 O0Le0°0  BOLS00 91600 SlLaD0 0CLA00 9146070 99400
EPLLL LTEOL  6FSTSI ZEFL 9IPL 9sEEl €6°TT  GEETL  LSLI1 WOTIL ZZLON
EHFZI0  PEPTIO  LTFTI0  ETEFTLO  FIICIO0 STPTIO  LEVTIOD  FMTID  TSFTLO  SISIIO RI9TIO
TO090'0  EC090'0  OFNO00  ORDOD'0  LE090°0 9R0900 SE0000  SL0000 CL0O00  SOI900  AETON0
[TESE  1R9TS 9108 SeLLF  6R9SE  LPOEF GRCIF GL96E S6LLE  TET9E 9TEFPE
£5697  SP9ST  EOFFT  GETED  TOCTT 6611 €610T 68Tl S6E8l  9L9LI 1ZE LI
ord e gd el o o = ed zd 1l T00T

SO0 Ed

AUCUON T IS0
uoyEdodsuRL)
Ay

P puT U
ez )

WM Py
spnpolg 1adeg
SEN) PUT WNS|2013,
[Eoy

amymnaudy

FUMESIIS T()) | PINoag
SUCHSS1ILD patiad ssaooad jEansnpu)
SLIIESTI S e asn ATiaug

suolssiwa 70 49

SHOLY MONT TV INAINWNNOMIANT
(3NN3K3T NE MO8L) IBAEL N (|01

anuasal NE] el

{dareg) nondumsunss angng
(daines) woun@aut sygng

uo jimsnes sngn,g
TUSTHEEALT 2T

79



Table C. 2: Simulation Results of a 10% Energy Takevy
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Table C. 3: Simulation Results of a 20% Energy Takevy
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Table C. 5: Simulation Results of a 10% Energy Takevy with a 2 point payroll

tax reduction
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Table C.5 (cont'd)
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Table C. 6: Simulation Results of a 10% Energy Takevy with a 3 point payroll

tax reduction
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Table C. 7: Simulation Results of a 10% Energy Takevy with a 5 point payroll

tax reduction
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Table C.7 (cont'd)
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Table C. 8: Simulation Results of a 10% Energy Takevy with a 6 point payroll

tax reduction
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Table C.8 (cont'd)
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Table C. 9: Simulation Results of a 20% Energy Takevy with a 3 point payroll

tax reduction
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Table C.9 (cont'd)
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Table C.10 (cont’d)
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Table C. 11: Simulation Results of a 20% Energy Takevy with a 5 point
payroll tax reduction
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Table C.11 (cont'd)
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Table C. 12: Simulation Results of a 20% Energy Takevy with an 8 point

payroll tax reduction
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Table C.12 (cont’d)
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Table C.13 (cont’d)
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Table C. 14: Simulation Results of a 10% Consumptio Tax Levy
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Table C.14 (cont'd)
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Table C.15 (cont’d)
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Table C. 16: Simulation Results of a 3% Consumptioax Levy
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Table C.16 (cont'd)
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Table C.17 (cont'd)
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Table C. 18: Simulation Results of a 1% Consumptioffax Levy with a 4 point
payroll tax reduction
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Table C.18 (cont’d)
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Table C. 19: Simulation Results of a 1% Consumptioffax Levy with a 3 point
payroll tax reduction
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Table C.19 (cont'd)
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Table C.21 (cont'd)

(DTLEDADL W) JE0) 0 ) SNLIAATL 3] [EUELILOILALL]

GEOOD0  BEOOOD  BE000N0 SEOOO0 BEOOON  HEDOO0 0000 SL00000  SEOO00  SEO000
900 00 GO0 LS00 %L1 TEO0 SO0 sSFO0 FH00 0D
SE6T LOE8T 6TTLT 19192 #LISE ELL¥WE  LEIET TOIEL SRO'IT 80T0C IR
LEPEL BLOLE Lrsar COORYE Rl ors T ST als I CiiBE LEORE [IE9E
909°6T  TGFET  BSEAT  L9T9T QIEST 96EFD LSEEC E0STE FOSIT FELOT  LOT6I
96°11 sai'll Lol 1£01 Fee'E L0986 e e 6 68 190'8 £8r'o
1L €901 §0T01 Fol 6 EEF G 6L06 SILS 8ECH §96L €91 L6
SLE'TOI HER'86 SOLBG  GEL06  FRELE LeDFE 11808 WAL FLIWRL Q0FIL 90LS9
6667F0 FL9T9 FOT09 AL PISCT  8I8EC 9al'lg 6E9°6F 195 'Lk 69CF  ToRIF
B0LT 309°C 05T 665°T £0ET L0TT LO1T FIOT 61 THE 8Ll
6RSLI LG9 L6Ea] eel LETE] E6L 1 8Tl LiL'€] GECE] GLETI LT |
€598 Tees 108 8L L1 o 1963 6.9 '3 L1779 190'9
6RE6T BOERT 66LLT €0L9T L60ST  LROPD  CEOET BOOTE 6607  ELT0T  L0L61
I6L6LT  TIOE9T  QETECT  990ebT  CELRED  L6E9IT  LELIT  T9eDT  FISOOT  I98'I61  EE0LLI
IRTTEE 186'61E  SPELOS  LOTS6T  IRSPED  PLTWLD IELE9T [TOSST  S09TFT  PIFEST  pRP9IL
OSS6E0  0086E°0 090680 99650 LEA00  fhef0  1LL6E0¢  obS6E0  S066E0 TOOOFO  Sliov0
LEF00  LOSA0'0  FOSAOND  L0SE0°0 CLSA00  ITSO00 IESADT  OECA(ND  CECE0D  LECADD  9€9e0(
11651 Fzesl STLFI LELFI FOFEL £L0 €l £2S'TI 166 11 9011 LIOTL ZLol
TRFTI0 99FCI0  TSPTIO  FRPTIO TRPTID EPPTI0 OSPTICG PLPCLO 16FTI0  TTSTIO 819TI0
TOI90'0  SEOS0'0  TLO90K0  T90S00  SS0S0T  ISOS00 1S0S0C  &9090N0 ER0900  ELI90°0  GETS00
GFTE Gleng 9ZCRE LEar I8LPE 6RGTF  EE1IF 9REGE POLE FRIOE 9TRFS
€69°CT  IIPT  T99EL  SE9TT EALIT S06 0T I666l o1 6l zEesl E99°L1 IZTL1
o1d id ad id od cd pd ed od 1d 00T

SAOTEH

ANUFAZ L NE] [EIUSLUURITAUT
AUCIOD 1Y
UOTENGdSUEL],
Anmazag
s pug uod]
e
wnajonad pau Loy
ganpalg sadeg
FED) PuUR umaqanag
=00
ALy
FUMSRIWS LO0 |HM g
SUGISEILS P B30 s5a00ud rinsnpu]
SUCHESILS prajejal asn Aiaaug
EOMER Wa 700 [Wmo ]
SHOLY MONT TV LN NN OHLAND
(dCImy Aau xe1 |90 1) uarpang 38|
{(BNUaAAT X1 U019 ) SnuaAE) X [oaAtg
SNl XE) | [0ldEg
{d(D%,) uondumsuo aiqng
LACID2E) WAL ET 2N
oo ydum s aggqng
UL ST TN

119



c

jel

=

m CCROIT  9ETI0T  TERISL  6T6TR1 BELFLL TIL991  TOSREL  FOLIST  LELHRL SRFSEL SE0°0FL
2 gIe'es TEITE 9L'0g Is¥'6T SSTHT SROLT  TOG'ST  LSEWE SPE'ET TLO'ET 96'TT
nnw STF 980t COR'E CROE LTEE SLEE s 160°€ §S6'T SFRT £60°€
© 1100 100 o 6000 6000 2000 2000 200°0 L00°0 LO00 L00°0
S HELD SOL 0 TLO0 (S] 190 ] L850 €550 8050 60 H8F 0
© EOLE 6TC€ GEEE 661°€ LE0E 126T T 1997 CFeT ol c0ez
= L6101 1 2801 LE0'1 660 GFE0 £06°0 1980 8780 2640 I6L°0
< Lo8'] 8641 EL°T S| | S| (| FFl €651 coe £CE7]
_Pa FPECTT  BLFIT LS90T SER6I1 9061 97E 21 LFELL CFR 51 19291 L6 Lr09l
- O8FSLT Q01907  EEOPST  SPTIPT GORTIET  TISTITT  TIONIT  TIOTOL  ELOESl  THT 981 FELR]
o F910 691°0 L1 910 6L10 210 c81°0 FRLO FELO 0810 0510
m SLFOL 5E69 IT6'L9  PSE99  6E6'F9 9TE'E9 loF19  TOESS  TBESS EL6'1S TOLIE
w LTRFL LTFFL 9SIFL LO6E1 BOFEL LS6'TL 8TTI LLETI THOTL  6TLIL THEDL
X nm, 90L199  FI9PES  605L09  LINISS 68988 ©FS'TES TECLOS  TIEESF  IPTesF  1e9sir £LselE
S a GOCEE 99016 LFCLR 918 £90'18 166 LL P8 b FIL 1L CALBY  9TE99 TERE9
X FE9IT 15902 189'61 994 '8 1 o85'L1 ¥ZL L8F91 6SL €1 666F1 9EEFI GOEL1
5 LTTST  GBRET 695TT 81T TISOT  FEL 6] cTO6l 8181 I¥TL1 16291 LR
P EZLEL FIDSL  LOEFL FE9EL SPOYEL 99FTL GLRIT SDELL SILOL zol 296
= Fer 11 9LE01 sTeol rlg'e FRLCE SL6'S £95'8 LL1g 9LL 965 'L oL
@ aial'8 ER'L £OFL SIL gig9 1£5'9 ¥ZT'9 Fe6s 969G £6EC Lroe
o 2880 FE20 6lE80 £8L0 15L0 91L0 29°0 90 9190 1650 6690
c WTT 81T 1] A 68T LI0T 8L6'1 | Re'l c8'l 918’1 181
.m EI019  LF6ES 5698 CREFE LI6TE  FIO'IE  [S6'8F  LO6'OF £k LORSF FISER
m AR T Ikt 6lTF 6RET T9LF 18T C6F SHEE ELFF

I 186°82F  SIF1IF  6TP6E  L66°LLE 1£T98  SLOLFE  10L1EE  LLO'9IE  POUI0E  LPESET TO09LT
&

N o1d ad ad i ad od d ed od 1d 00T
(@) Saordad

@

o

©

T

ALUDUOT IR0
uonEpodsue]
Apaneg
[#315 puE ui]
TN
E._._m__n__hm_n— ._uﬂ_.: ._.mm.u__.
spanpol tadeg
B2y
A naLEy
o dinsLo ) ajeal]
(danes) JUSUEIA ) EALL]
WISUIEAAUL FVEALL]
211 s Aojd wau
Awouood a0
uoneuodsue],
Ananaarg
[2@15 puE wolp
W)
WA |onag peu ey
Snpo ] Jadeg
SED) PUR WnAON34
B2y
amynauEy
mdingy | eioi0og
SEL Y IMAIT J0)
d05

120



Table C.22 (cont'd)

(| STURADT VTT [PIIS,) SNUSAS] XE) [P WAL

areldd SRS10'0 TRAIO0 886100 SE100 SE6E00 SEGIOY FEGLOD  O0E€6100 FTelO0
BLEE £ETE alE T80T £RT 1L T GHe T ELFT 5 £el T
C0L6T  £ISRT PELT 68197  GEIST  980FT  S66TT 66’17 FE80T  T6661 18161
HEE'TC lLFOS GLEEb H0LOF Sl B e o6 1 I+T 'O glLee G0l LY 1189E
[t U BROET  Irll B Tt T 0T FEO 6l ceRel 09081 oLl £e9 9l Lot el
L0l LSTOL 6FL6 68T 6 568 598 908 08 159°L 9LTL ESF9
L] | a1l CELG | bl 1968 1eg ceeg HRL HZCE QiT L QiH'D
REEEH CEGR  FIFSR 10018 TISRL  GFSL EMFTL FHFE9 999  E9RES  90LEH
65879 6BEOD T6LS 899 (T4 U TR o L LOFSE  l6SEF T6RIF
FIET [ il 5l il EC0T 26l aul CLL'l £a0l 91 ¥l T |
BILL 99691  956'€1  9LESl  PEEET FSEFL OHEEl PSEEl TT6TI FLETI  9E9TL
998 GIE' s 9508 CELL 49 I81'L &g 99 £98'9 Lrl9 LO0'D
9 a6l OSE 8T QI'LE b el LI = 88 €T SHLTT fPLID LT 608 6l LOUGL
89°ECT  STOEPT  6O09EET  SOLPTT  $99SIT  FR6LOT (68661 EF9 161 S69E81  TC99L]  SEELLL
1E9°11E L9E66T CLA'O9L COl'CLy LB9'POT SCH'BCT CCOWRT PRO'PLT GERWIZE i OIT ]
SECAHD0 CARERDD  OORLD0  CRRD'0 EIBs00  STRGO0 FERADQ  CERROD  THERD0D IEFGD0  9EO600
LT91  TI9SL  BS6FI  [TEVI  BSLEL  L6TEL 9TI  $90TI  I1TSIL ISOLL TELOL
LILZI0 869210 989C10 6L9TI0  LISTI0  SL9210  SE9ZI0  6OLTI0  9TLTIO  8SLTIO  BI9ZIO
HCENDTD  CIES)0  E0v900 PeIO00  SRIO0T  PRIDOT CET900 FOES00 SIES00  APES0T &EZ900
6LF TS +¥2TTS  GIO0S  FLELF E6CF  T00FF  HOOTH LL'OF  STEEE 9BL'9C  9TEFE
LTULT [86'5T £ o PLET CRLTL [i871C ECROT Fie ol LTal e Rl IET L1
old o ad o od wd b e od 1d 0T

SO0

BNUAAD L ] [EILS WAL
ANIHID DT IS0
uomepdsuel ]
Auansagg
PelE pum uod]
ey
wmajaaag pRuEy
S of g
ST} PUE WN2ona,]
%0
A LT Y
SUCHESIRS T()0) [RIoaag
FIOISSIWE palEjal ssa0ond [eLnsnpu)
FUMESILIR P31EfR) 50 ATlaug
SUOISEI 0D B0 L
SHOLY MANT TV LINAINNOHIANT
(daany Aausm [mo ) vapang s
(LA X1 [ioag, ) SNUBADE XB) | [00deg
ANUIAIT XT] | [MIAR]
(e ) uotdwnsuos a1jgng
(A97%) WA 21jqn
nogdim suo angng
TSI 31y

121



Simulation Results of a 10% Energy Taand a 1% Consumption

Table C. 23

Tax Levy with a 4 point payroll tax reduction
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Table C. 24: Simulation Results of a 10% Energy Taand a 1% Consumption

Tax Levy with a 3 point payroll tax reduction
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Table C.24 (cont'd)
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Table C. 25: Simulation Results of a 10% Energy Taand a 1% Consumption

Tax Levy with a 2 point payroll tax reduction
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Table C.25 (cont'd)
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Figure D. 1: CO,emissions under a 20% energy tax and alternative aoll tax

reductions (million tons)
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Figure D. 2: Unemployment rate under a 20% energyatx and alternative
payroll tax reductions (%)
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Figure D. 3: GDP under a 20% energy tax and alterntive payroll tax

reductions (2002 prices, billion TL)
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Figure D. 4: CO,emissions under a 10% energy tax, a 1% consumptidax and

a tax mix (million tons)
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Figure D. 5: Unemployment rate under a 10% energyax, a 1% consumption
tax and a tax mix (%)
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Figure D. 6: GDP under a 10% energy tax, a 1% consuption tax and a tax mix
(2002 prices, billion TL)
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Table E. 1: List of Environmental Policies and Measres in Turkey on GHG

Abatement

Implementation

Control Directive (IPPC 96/61/E(

Policy / Measure Objective GHG
date

Air Quality Control Emission control C02, NO 1986
Control of Air Pollution Arising Emission reduction co2 13.01.2005
from Heating
Control of Air Pollution from . . 07.10.2004
Industrial Plant Emission reduction coz 22.07.2006
Control of Air Pollution Arising Emission reduction co2 08.07.2005
from Motor Vehicles
Quality of Petrol and Disel Fuels| ¢ icqion reduction co2 11.06.2008
Directive
Labelling on fuel economy and
CO2 emissions in respect of the Emission reduction CO2, NO 2007-2008
marketing of new passanger carg
Large Combustion Plants Directiye o : :
(LCP-2001/80/EC) Emission reduction CcOo2 Under Preperatipn
Air Quailty Framework Directive - .
(96/62/EC) Health and Emission contrpl Under Preperatipn
Integrated Pollution Prevention and Emission control CO2 Under Preperatign

Source: First National Communication of Turkey dimate Change, 2007.
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